This study provided a practical procedure, for the first time, to compare the component difference of the floral parts of Trollius chinensis and identify the characteristic peaks of each floral part using the high-performance liquid chromatographic fingerprint technique followed by similarity analysis. The results showed that the constituents of different floral parts exhibited lower similarity than those of the same part. It can be concluded that the procedure established herein is useful for analysis of variability in constituent distribution of herbal drugs, and the components are unevenly distributed in the floral parts of T. chinensis.
Introduction
The flowers of the Trollius chinensis Bunge, known as both a Chinese and Mongolian medicine (1) , are mainly produced in northern China, including Hebei, Shanxi, Heilongjiang and Inner Mongolia (2) . Modern pharmacological investigations have demonstrated that these flowers possess antibacterial, antiviral, anti-inflammatory, anti-oxidative and anti-neoplastic bioactivities (3 -15) , and the compound preparations containing the extract of these flowers have been clinically used for the treatment of respiratory and urinary infections (16, 17) . These flowers mainly contain flavonoids, phenolic acids and alkaloids, and their effectiveness has been shown to be attributed to these three groups of compounds (18 -22) . Our previous quantitative studies have implied the uneven distribution of some compounds, i.e., 2 00 -O-b-L-galactopyranosylorientin and veratric acid in different parts of these flowers (23, 24) . However, these results only reflect partial component distribution that is not representative of the general profile of the constituent distribution of these flowers. This problem can be resolved by using a fingerprint technique that has been extensively applied in the whole composition analysis (25, 26) . Thus, a comprehensive procedure made up of a chromatographic fingerprint technique and similarity analysis has been established herein for the first time to scientifically characterize the distribution variability of the total constituents among five floral parts, namely calyx, corolla, stalk, stamen and pistil and ovary.
Experimental

Instrumentation and reagents
Experiments of high-performance liquid chromatographic (HPLC) analysis were performed using a Waters 1500 series (Waters Business Operations, Milford, MA, USA) equipped with a 1525 binary HPLC pump consisting of an on-line degasser, a manual injector with a 20 mL loop and a 2489 UV/Visible detector. The signal was acquired and processed using Windows XP-based Waters Breeze 2 software. A Phenomenex Synergi 4 mm Polar-RP 80A column (250 Â 4.60 mm i.d., 4 mm particle size), manufactured by Phenomenex Co. (Guangzhou, China), with a guard column was used for separation. A Waters UPLC Xevo TQ-S mass spectrometer (Waters Business Operations) was used for LC-MS analysis.
Acetonitrile was of HPLC grade (Fisher Company, Pittsburgh, PA, USA). Ethanol and acetic acid of analytical grade were purchased from Beijing Chemical Factory (Beijing, China). Watsons distilled water was used for solutions and dilutions. The reference compounds orientin, vitexin, 2 00 -O-b-L-galactopyranosylorientin, isoswertiajaponin, trollisin I and II, 2 00 -O-(2 000 -methylbutyryl)isoswertisin, methyl 3,4-dihydroxybenzoate, veratric acid, trollioside and trolline were isolated from the title flowers in our laboratory, and their purities were not ,98%, as determined by the normalization method. Quercetin and quercetin-3-O-b-D-glucopyranoside were purchased from the National Institute for Food and Drug Control (Beijing, China). The structures of these reference compounds are shown in Figure 1 . Ten batches of the dried flowers of T. chinensis were collected from drug markets and pharmacies in various places of China shown in Table I and identified by R.W. as the title flowers. The voucher specimens have been deposited at the Herbarium of School of Chinese Materia Medica, Beijing University of Chinese Medicine.
Methods
HPLC and LC -MS analytical conditions
Chromatographic separation was achieved with mobile phase consisting of acetonitrile (A) and 1% acetic acid in purified water (v/v) (B) using gradient elution (0 -14 min, 5 -14% A; 14-35 min, 14 -25% A; 35-40 min, 25 -35% A; 40-50 min, 35 -50% A; 50-53 min, 50 -80% A) at a flow rate of 1 mL min 21 . Each run was followed by an equilibration time of 5 min, and each injection volume was 10 mL. The UV absorbance was monitored at 280 nm, and the column temperature was maintained at 358C. The conditions of MS in positive ion mode were as follows: capillary voltage, 3 kV; cone voltage, 30 V; desolvation temperature, 4508C and desolvation gas flow, 650 L h 21 .
Preparation of reference solutions
The stock solutions of orientin, vitexin, 2 , respectively. These reference solutions were filtered through a membrane filter (0.45 mm pore size) before being injected into HPLC. All prepared solutions were stored in a refrigerator at 48C and brought to room temperature before analysis.
Preparation of sample solutions
The flowers of T. chinensis were manually separated into five floral parts, including calyx, corolla, stamens and pistils, stalk and ovary. Each individual floral part (80.0 mg) was extracted with 20 volumes of 95% ethanol (v/w) in an ultrasonic bath ( pulse energy 45 kHz) twice for 20 min each time as per the method of literature (24) . The extracts were then combined and filtered through a 0.45-mm membrane filter. A quantity of subsequent filtrate (2 mL) of each floral part was transferred to a 10-mL volumetric flask and made up to volume with 95% ethanol.
Data analysis
All data analyses were carried out using the Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine (version 2004A) provided by the Chinese Pharmacopoeia Commission. The reference fingerprint was generated with the mean or median of all chromatograms used to evaluate the similarity of the chromatographic fingerprints.
Results
Chromatographic condition optimization
In order to obtain the chromatograms with a good resolution of adjacent peaks, the chromatographic conditions were optimized. Different columns, mobile phase compositions, volume ratios of solvents, flow rates and detecting wavelengths were investigated. A Phenomenex Synergi 4 mm Polar-RP 80A column (250 Â 4.60 mm i.d., 4 mm particle size) with a guard column was applied to the experiments using the conditions as described previously.
Method validation of fingerprint
Under the above chromatographic conditions, 2, 5, 8, 11 and 14 mL of each stock solution was injected into the apparatus to obtain the calibration curves and regression equations of reference compounds. The limits of detection (LODs) and the limits of quantitation (LOQs) of all peaks were determined on the basis of signal-to-noise ratios of 3 : 1 and 10 : 1, respectively. The precision of the HPLC apparatus was determined with one sample in six continuous injections, and the % relative standard deviation (RSD) values of the relative retention time of common peaks and the area of identified peaks shown in Table II (Table II) .
Fingerprint determination and comparative analysis
Fingerprint determination
The samples from five floral parts of 10 batches, purchased from various places of China, were analyzed by HPLC using the chromatographic conditions established previously to obtain their fingerprints. The obtained HPLC chromatograms of the samples showed that all chromatographic peaks were resolved at baseline and their resolution values were all .1.4. The content ranges of the identified compounds in different floral parts were calculated by the regression equation (Table III) .
Similarity
Similarity analysis of the fingerprints of 10 batches was carried out using the above-mentioned software. The analysis results shown in Table IV in calyx and corolla, respectively, the S6, which came from Nanchang, Jiangxi, had a value of 0.362 in calyx and 0.869 in corolla.
Common peaks
The number of common peaks of calyx, corolla, stalk, stamens and pistils and ovary was 23, 27, 21, 28 and 19, respectively (Figure 2 ). There were 15 general common peaks for all five floral parts of these 10 batches, and the sum of their area accounted for over 90% of the total peak area. Peaks 5, 8, 11, 13, 15, 17, 26 , 29 and 32 were identified as methyl 3,4-dihydroxybenzoate, 2 00 -O-b-L-galactopyranosylorientin, orientin, vitexin, veratric acid, trollioside, trollisin II, trollisin I and 2 00 -O-(2 000 -methylbutyryl)isoswertisin based on the comparison of their retention times, ultraviolet spectra and mass spectra with those of the reference compounds under the same condition. Although these 15 general common peaks were detected in all five floral parts, some of them were mainly concentrated in one or two floral parts. Orientin (Peak 11), vitexin (Peak 13) and 2 00 -O-b-L-galactopyranosylorientin (Peak 8), the most abundant three representative flavonoids of these flowers (2, 24) , were shown to mainly exist in the calyx and corolla. Three acylated flavone C-glycosides (2, 10), namely trollisin I (Peak 29), II (Peak 26) and 2 00 -O-(2 000 -methylbutyryl)isoswertisin (Peak 32), were primarily present in stamens and pistils but the situation was opposite in stalk. Similarly, Peak 24 was found at a high level in stalk and corolla but at a low level in stamens and pistils.
Difference in fingerprints
Different floral parts exhibited their diversity in characteristic components. In addition to these common peaks, some peaks were only detected in one or two floral parts, which could be regarded as characteristic peaks of that or those floral parts (Figure 2 ). For example, Peak 4 (trolline), which is the only alkaloid ever found in these flowers (18) , and Peak 14 (isoswertiajaponin) existed in four floral parts with the exception of the ovary, while Peak 16 (quercetin-3-O-b-D-glucopyranoside) was found in three floral parts except ovary and stalk. In addition, some components only existed in one floral part. For instance, Peaks 20, 21, 25 (quercetin) and 31 were only found in stamens and pistils, and Peak 23 was only detected in stalk.
Discussion
HPLC fingerprint has been considered as a reliable procedure for identification and quality evaluation of herbal medicines. In this study, a simple and accurate procedure has been established for fingerprint analysis of the five floral parts of T. chinensis for the first time, and a general overview of the constituent distribution of these flowers was provided. According to the results obtained with this procedure, stalk, stamens and pistils and ovary of T. chinensis from different places were similar in terms of chemical constituents, but calyx and corolla did not display a high similarity. This indicated that individual variation existed among these samples.
Although there were 15 general common peaks detected in the five floral parts, their corresponding compounds, especially the most abundant components of these flowers, that is, orientin, vitexin and 2 00 -O-b-L-galactopyranosylorientin, were unequally distributed. Moreover, some characteristic components were only detected in one or two floral parts, and more components were found in stamens and pistils than in some others.
Conclusion
In summary, the procedure established herein is useful for analysis of variability in constituent distribution of herbal drugs, and the components are unevenly distributed in the floral parts of T. chinensis.
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